Abstract -Agricultural systems of Southern European regions are often based on short rotations of winter cereals and are thus subject to agro-ecological problems such as decreasing biodiversity, loss of soil fertility and increasing reliance on mineral fertilisers. Introducing new crops such as new varieties of faba bean, and new production methods, e.g. different planting times, may increase the sustainability of farming systems. To advance the use of these methods, both multi-environment field experiments and improved statistical methods to summarise and interpret results are needed. This report summarizes experiments conducted over three years and two locations where we compared phenology, morphology and yield of six faba bean, Vicia faba L., genotypes, sown in November and February. We have analyzed the data using canonical variate and additive main effect multiplicative interaction (AMMI). We demonstrate how such methods may be useful to obtain relevant information about a more successful introduction of faba bean in southern Europe. Our results show that sowing in November is much more suitable to Southern European regions than a February planting. Indeed, for the November planting, beans flower earlier and pods fill before the drought period. Concerning morphology, November sown plants were taller of 0.93 m versus 0.79 m on average; gave a lower insertion of first fertile branch of 0.44 m versus 0.51 m; gave a higher number of lateral branching per plant, of 1.5 versus 0.8; and gave a higher number of pods per plant of 10.2 versus 7.6. On the average yield levels were the highest for November sown varieties, of 3.55 versus 2.66 t ha −1 . These findings indicate autumn sown faba bean could be introduced in Southern European regions. Using adequate varietal selection, this crop may improve the agro-environmental sustainability of farming systems. These results also highlight the usefulness of canonical variate and AMMI analysis, as 576 morphological data, e.g. 6 varieties, 2 sowing times, 6 environments and 8 variables, and 72 yield data, e.g. 6 varieties, 2 sowing times and 6 environments, can be summarised in two bi-plots, clearly depicting the effect of sowing dates on crop morphology and yield, across locations and years. Such methods deserve a more widespread use when it is necessary to interpret crop response to environmental and agronomic factors. faba bean / genotypes / Mediterranean environments / canonical variates / AMMI analysis
INTRODUCTION
Sustainable agricultural systems preserve soil quality and biodiversity through an appropriate crop rotation. Sometimes potentially beneficial rotations may be limited due to environmental constraints. For example, Southern Europe's environment is characterized by cool and wet winters and hot and dry summers, with frequent water deficits in the spring due to low and erratic rainfall distribution. In these areas, non-irrigated agricultural systems depend on winter crops; with limited alternatives, farmers rely on short rotations of wheat and barley and less so legume crops which might fix nitrogen (N) and improve soil quality.
Short wheat/barley rotations may cause problems related to soil chemical, physical and biological fertility. These systems require rather high levels of N generally supplied by mineral fertilizers. Since these applications are generally made during rainy periods (winter-spring), mineral N is exposed to leach-* Corresponding author: fstagnari@unite.it ing. Furthermore, systems based only on winter cereals may cause soil organic matter content to decline over time which may degrade soil structure and tilth. Lastly, short cereal rotations can increase weed pressure in subsequent crops.
One way to improve the sustainability of farming systems in Southern Europe regions is to introduce legume crops such as Vicia faba L. var. minor into the rotation (Oweis et al., 1999) . In addition to its cash value, faba bean may represent an alternative to commercial nitrogen (N) fertilizers and provide a net input to soil N which is particularly important in organic farming systems (Badaruddin and Meyer, 1990; Badaruddin and Meyer, 1994) . Faba bean plays other beneficial effects in the rotation including (i) increased organic matter content through the incorporation of its residues into the soil; (ii) reduced incidence of root and leaf diseases in subsequent crops (Pedersen and Hughes, 1992) ; (iii) reduced weed populations (Dyke and Slope, 1978; Blackshow et al., 1994) ; (iv) increased P, K and S availability (Stone and Buttery, 1989; Bullock, 1992) ; and (v) improved soil structure and stability (Bullock, 1992; Karlen 388 F. Stagnari et al. et al., 1994) . Furthermore, faba bean represents an important source of protein for animal feed (Battini et al., 2003; Gatel, 1994) as dried seeds have high energy value (3000 kcal/kg d. m.), high protein content (up to 30%), and favorable amino acid profile (Rockland and Radke, 1981; Ampe et al., 1986) .
However, faba bean adaptation to Southern Europe regions may not be easy due to the above mentioned environmental characteristics (hot and dry summers, frequent water deficits in spring), which often constrain crop growth and reduce biomass production and seed yield potential (Silim and Saxena, 1992; Siddique et al., 1993; Thomson and Siddique, 1997) , particularly with late winter sowing, as is commonly done in France and other European regions. Sowing date affects date of flowering in spring and exposes the crop to high temperature and water deficit risks (Crawford et al., 1996) . Therefore, a very early sowing may favour early flowering and seed filling and help escape drought problems in spring (Edmeades et al., 1989) ; in particular, autumn sowing of faba bean would seem the optimal practice for successful introduction in Southern European environments.
However, autumn sowing may create another constraint to crop growth, due to low winter temperatures that can cause severe crop injuries during the early development stages. Genotypic variation in response in faba to cold temperatures has been reported by Loss and Siddique (1994) and Thomson and Siddique (1997) , and they demonstrated that the most successful varieties completed their life cycles before the onset of water stress. Similar results were obtained by Mwanamwenge et al. (1998) with diverse genotypes of faba bean in southwestern Australia in two contrasting seasons. In addition, Thomson and Siddique (1997) associated the high dry-matter production of Vicia faba and Pisum sativum relative to other species, with their ability to grow and produce rapid ground cover during the early part of the growing season. Duc (1997) also demonstrated genotypic variation in terms of winter survival and that early autumn planting of the most resistant varieties led to highest yield levels, likely caused by earlier flowering in spring and thus avoiding drought (Day and Legg, 1983) .
Considering this, an appropriate varietal selection is crucial to improve adaptability of faba bean to Southern European environments and thus improve the sustainability of farming systems in environments with cool winters and erratic spring rainfall. In particular, it would be important to select varieties with high yield potential, short maturity, and frost resistance.
To obtain such information it is necessary to conduct multi site-year field experiments where several phenological, morphological and qualitative traits are collected. The resulting dataset may be very complex and difficult to interpret with traditional methods of statistical analyses (based on hypothesis testing through ANOVA and multiple comparison tests). Without neglecting the importance of such traditional parametric approach, several multivariate descriptive techniques have proven useful to explore, interpret and summarise results within a framework of Exploratory Data Analysis (Crossa, 1990) . In particular, principal components and canonical variate analysis (Sadocchi, 1981) may be suitable as these techniques utilize the graphical insight of data, through the reduction in their dimensionality, which is a concern for exploration and summarization of multi-environment experiments (Annichiarico, 1997) .
This article presents this type of analysis of a dataset obtained from six site-years (three years/two locations) of faba beans sown in the fall and the spring. By analysing this dataset with these statistical methods, we have improved the interpretation of results and obtained relevant information about a more successful introduction of faba bean in southern Europe, which may lead to improved sustainability of these farming systems.
MATERIALS AND METHODS

Experimental design and management
Over the three years of research, six varieties of faba bean (Chiaro di Torre Lama, Collameno, Palombino, Scuro di Torre Lama, Sicania and Vesuvio), were sown in autumn (15/11/2001, 22/10/2002 and 11/11/2003) However the Papiano location is characteristic of much of the Umbrian production land located in the valley bottoms, while the second location is representative of the more sloping production land of Umbria. Soil characteristics at Papiano were: 8% sand, 56% silt, 36% clay, 1.5% o.m., pH 7.8, 25% maximum water holding capacity (m.w.h.c.), 13% wilting point (w.p.) and, at Badiola, 11% sand, 41% silt, 48% clay, 1.7% o.m., pH 8.0, 24% m.w.h.c., 11% w.p. In all, there were six environments (environment referring to each of the six site-year combinations, i.e. three years and two locations) and twelve treatments (six varieties in two sowing periods).
The field experimental design was a completely randomised block with four replicates. The land used for all trials was moldboard plowed and disked-harrowed prior to planting. The previous crops were always wheat or barley.
Seeding rates were calculated to achieve a final target density of 45 plants m −2 (Ranalli, 2001). Plants were sown at a higher density and were thinned manually immediately after emergence to the optimum density. Plots consisted of 5 rows of beans (1.5 m wide and 5 m long) sown to a depth of 50 mm. In all years and locations, soils were fertilised with 75 kg P 2 O 5 ha −1 . Weeds were controlled with a pre-emergence application of 8.05 g ha −1 of pendimethalin + 55 g ha −1 of imazetapyr. No insecticide or fungicide applications were needed.
Measurements
Crop establishment was assessed 1-2 weeks after full emergence in each plot by counting the plants in two 1 m 2 quadrats located in different positions in each plot. Such counting confirmed the regular establishment of the crop at the aimed density. The following phenological events were recorded for each plot: date of emergence (as days and Growing Days Degrees from sowing); date of flowering (as days and Growing Days Degrees from emergence); and date of pod set (both as days and Growing Days Degrees from flowering). Growing Days Degrees (GDD) were calculated by assuming a base temperature of 0 • C. Crop height was recorded in the field during late pod filling stage. Prior to harvesting, ten plants per each plot were collected and used to evaluate the following morphological traits: total stem length, height of insertion of first and last fertile nodes, number of fertile nodes per plant, number of pods per plant, number of lateral branching per plant and number of pods per branching. All the plants in each plot were machineharvested at maturity (seed water content below 13%), and the seed was dried in a forced-fan oven at 70
• C to determine grain moisture at harvest. Minimum and maximum air temperatures and rainfall were recorded on a daily basis in each year and location by using an automatic weather station (Tab. I).
Climate
The 2001/2002 growing season was characterized by a cold autumn and mild winter, with low rainfall levels (Tab. I); higher than average temperatures, as compared to long-term averages, occurred throughout the early spring of 2002. Conversely, in 2002 Conversely, in /2003 , temperatures were exceptionally high during the autumn, but very low during winter, with frequent frosts (minimum air temperatures sometimes dropped to -10
• C, at both locations), killed some plants of sensitive varieties. The autumn and winter of the 2003/2004 growing season were characterized by temperatures and rainfall regimes substantially equivalent to the long-term means, while temperatures during all the springtime were lower than the long-term mean and rainfall was frequent and abundant.
Statistical analyses
Multivariate analysis was used to explore the behaviour of each variety/sowing date combination across environments for three parameters: phenology (three variables) morphology (eight variables) and yield (one variable). Phenology evaluations were made because it would show the earliness of each variety, and it might indicate its eventual suitability for production in those climatic conditions. Likewise, morphology is also important to assess which characteristics are associated with a good adaptability to the environmental conditions under study. It is necessary to point out that in all cases, it was decided to consider the six site-years combinations as "environments" and the twelve genotypes-sowing dates combinations as "treatments". Sowing dates were not considered as "environments" to have the possibility of exploring graphically the contrasting behaviour of genotypes according to sowing dates.
Phenological data (average values for each variety in each sowing period and environment) were subjected to canonical analysis (Sadocchi, 1981) to extract canonical variates by using the "environment" as the discriminant variable. Canonical variates are linear combinations of the original variables which maximize the discrimination among the twelve combinations varieties/sowing periods and which are not correlated among each other. The most important canonical variates were considered and canonical scores were computed for the centroids of each combination variety/sowing period. Analysis was performed by using the CANDISC procedure of SAS (SAS Institute, 1985) .
Morphological data were also subjected to canonical variate analysis, with the same procedure as mentioned above. In this case, due to the high number of original variables, canonical scores were plotted on a graph as symbols, while standardised canonical coefficients for each of the original variables were reported as vectors and used for interpretation.
Yield data were subjected to AMMI (Additive Main effect and Multiplicative Interaction) analysis, according to Gollob (1968) and Zobel et al. (1988) . Main effects (the combination of genotypes/sowing period on one side and environment on the other side) were evaluated by factorial ANOVA.
The ANOVA model is:
where μ is grand mean, α i is the main effect of ith genotype β j is the main effect of jth environment and γ i j is the 
The interaction effect (γ) may be arranged on a two-way matrix and submitted to Singular Value Decomposition (Gollob, 1968) , as follows:
where r is the rank of γ, λ i is the singular value for principal component I, g ik is the eigenvector score (left singular vector) for genotype k and Principal Component (PC) i, while e i j is the eigenvector score (right singular vector) for environment j and PC i. If PC scores are multiplied by the square root of the singular value, equation (2) is transformed into:
In this way, the additive interaction in the ANOVA model (γ) is obtained by multiplication of genotype PC scores by environment PC scores, appropriately scaled. If a reduced number of PCs is used (r = 1 or 2, typically), a dimensionality reduction is achieved with just a small loss in the descriptive ability of the model. This makes it possible to plot the interaction effect, via the PC scores for genotypes and environments on appropriate biplots. Readers are referred to Gollob (1968) and Zobel et al. (1988) for more detail. The significant PC axes were selected and included in the AMMI model, considering the percentage of interaction sum of squares captured by each axis; an F test on its simplest form, as described by Zobel et al. (1988) was used to test the significance of each PC axes. More complex and precise types of F test have been described (Cornelius, 1993 ), but they were not considered here, as the aim of the paper was not in testing hypothesis, but only in giving a good and meaningful graphical representation of data.
RESULTS AND DISCUSSION
Phenology
The averages across environments (2 locations × 3 years) for phenological characters are provided in Table II . The three original variables could be reduced to one canonical variate (CAN1) that accounts for 94.8% of total data variability; the other two canonical variates contributed little to explain the variability of original data (Tab. III). To interpret the relationship between canonical variates and original variables, it is necessary to remember that each canonical variate is calculated as a linear combination of the original variables by using canonical coefficients. Indeed, CAN1 would result from: CAN1 = −0.246z 1 + 1.327z 2 + 0.815z 3 where z 1 is the standardised (mean = 0 and standard deviation = 1) emergence date (GDD from sowing), z 2 is the standardised flowering date (GDD from emergence) and z 3 is the standardised pod fill date (GDD from flowering). Variables with the largest standardised canonical coefficients have the strongest impact on the calculation of canonical variates; as well, if a canonical coefficient is positive, it contributes to a positive value for the corresponding canonical variate (canonical score). It follows that a high value of z 2 (in this case a long interval from emergence to flowering) will probably result in a high canonical score on CAN1. As a result, the length of the period from emergence to flowering (canonical coefficient with highest absolute value) and, secondly the length of the period from flowering to pod fill were the original variables that contributed more to the definition of canonical scores and thus to the discrimination among varieties and sowing periods (Tab. III). The period from sowing to emergence contributed less in this discrimination (lowest canonical coefficient).
Canonical scores on CAN1 clearly showed two distinct groups (Tab. II), the first one contained all the varieties in autumn sowing (positive scores), the second one contained the same varieties in winter sowing (negative scores); indeed, the varieties sown in autumn were mainly characterised by a long (above average) emergence-flowering period and, to a lesser extent, by a long (above average) flowering to pod fill period (Tab. II). These results confirm the findings of Loss et al. (1997) . In spite of longer emergence-flowering period, autumn varieties showed an earlier flowering date (mid March vs. mid April, as a rough average; data not reported) and, consequently an earlier pod fill date.
Within sowing periods, there were some slight differences among varieties that were mainly explained by their CAN2 score (Tab. II): within each sowing period (particularly the winter sowing), some varieties showed positive CAN2 scores (Scuro di Torre Lama in winter sowing and Vesuvio in autumn sowing). This is likely related to a longer flowering to pod fill period and to shorter sowing-emergence and emergenceflowering periods (see canonical coefficients in Tab. III and averages in Tab. II).
From an agro-ecological perspective, the above results support the importance of autumn sowing as plants are allowed to develop a larger leaf-filled canopy during winter, which improves their ability to absorb solar radiation, during the season. From a statistical analyses perspective, in this case multivariate methods did not help much in understanding the structure of the dataset, as the phenological behavior was already clear from the original variables. This confirms that such innovative statistical methods are mainly useful when the number of original variables and their variability is very high, as we will see on the next section.
Morphology
The averages across environments for morphological characters are provided in Table IV . Several of these variables were highly correlated (Tab. V). Consequently, the eight original variables could be reduced to two canonical variates (CAN1 and CAN2), which accounted for almost 84% of total data variability (Tab. VI).
CAN1 was mainly defined by the first fertile node insertion height (FFNH; highest negative canonical coefficient) and by the last fertile node insertion height (LFNH; highest positive canonical coefficient). CAN2 was defined positively by total stem length (TSL), number of pods per branching (NPB) and, negatively, to the number of pods per plant (NP). These five morphological characters were those that most clearly discriminated among varieties/sowing periods.
Considering morphology, the high number of original variables and the need for two canonical variates suggested the use of a 'bi-plot' for a better interpretation of data. In detail, scores were represented as symbols and standardised canonical coefficients were represented as 'vectors'. Roughly speaking, these latter may be regarded as 'driving forces', that contribute to the positioning of each class mean on the bi-plot (Fig. 1) ; for example, if a specific variety in a given sowing period showed (across the environments) a particularly high insertion of first fertile node (FFNH) together with average values for the other morphological traits, its canonical score would lay near the end of the FFNH arrow (Fig. 1) .
A clear separation between autumn sown and winter sown varieties is apparent in both Table IV and seen graphically in Figure 1 . Autumn sowing was characterised by taller crop canopy, with a lower insertion of first fertile node and higher number of lateral branching per plant (see the directions of the arrows in Figure 1 and compare with Tab. IV). This was due to two main reasons: first, growth is strongly related to the amount of intercepted solar radiation throughout the growing season (Monteith, 1977; Gallagher and Biscoe, 1978) , particularly in short-season environments (Silim and Saxena, 1992) . Secondly, autumn sowing allows the crop to reach a higher LAI and thus a faster crop growth rate (CGR) during the early part of the growing season, when soil moisture conditions are not limiting and vapour pressure deficit is low (Thomson and Siddique, 1997) .
The higher crop height, together with the lower insertion of first fertile node resulted in a higher number of flowers, fertile nodes and pods; this latter character is particularly important as it is strictly related with seed yield (Ishag, 1973; Husain et al., 1988; Pilbeam et al., 1989; Loss and Siddique, 1997) .
Within sowing periods, varieties may be discriminated mainly by their canonical score on CAN2. Concerning autumn sowing, Chiaro di Torre Lama, Collameno, Palombino and Sicania lie above the CAN1 axis (positive scores on CAN2) and are therefore characterized (Fig. 1 , Tab. IV) by lower values of crop height (CH), lower last fertile node insertion height (LFNH), higher values of stem length (TSL), higher number of lateral branches (NB), and pods per branch (NPB). Interestingly, total stem length and crop height were not highly correlated (r = 0.49) and they impacted on CAN2 in a contrasting way (negative coefficient for crop height and positive for total stem length). This could be due to the measurement technique; indeed, crop height was measured in the field and represents the height of the canopy (lodging was thus taken into account), while stem length was measured after harvest and represents the actual height of plants. In some cases, it was observed that varieties with the highest stem length were more subjected to lodging and thus their crop height was smaller than that of other varieties with lower stem length. As well, concerning winter sowing, Palombino, Collameno and Vesuvio showed the highest height of first fertile node (FFNH), while Scuro di Torre Lama was clearly identified by the high number of pods per plant (NP; Fig. 1 and Tab. IV).
From Figure 1 , one can see how varieties changed their morphology with sowing dates, relative to each other. In particular, some cultivars confirmed their most distinctive morphological traits such as Scuro di Torre Lama which exhibited the highest score on CAN1 and the lowest score on CAN2 in both sowing periods. Likewise, Palombino and Collameno always showed the lowest scores on CAN1 and the highest scores on CAN2.
On the contrary, other varieties changed their morphology and thus their relative positioning in Figure 1 depending on sowing dates. In particular, Sicania showed negative scores on both CANs in winter sowing and positive scores on both CANs in autumn sowing. As well, Vesuvio in the autumn sowing was positive on CAN1 and negative on CAN2, while the winter sowing was negative on CAN1 and positive on CAN2.
These results clearly highlight and confirm the usefulness of autumn sowing, also from a morphological point of view, as the crop is allowed to assume some traits that would favorably impact yield (higher crop height, lower insertion of first fertile node, and higher number of pods). It is also clear that some varieties have a higher morphological stability across environments and should be preferred for a successful introduction of faba bean in Southern European countries. From an agroecological perspective, these morphological characteristics have a high local value to drive the process of varietal selection and choice and thus the potential to improve the sustainability and biodiversity of farming systems in Southern Europe. More generally, these results highlight the usefulness of multivariate analysis, as 576 individual data points (6 varieties × 2 sowing times × 6 environments × 8 morphological variables) could be summarised on one graph, depicting clearly the effect of sowing dates on crop morphology. This methodology deserves more widespread use in agroecology, whenever it is necessary to interpret the morphological response of crop species/genotypes to environmental factors.
Grain yield
Average data for the variety/sowing period combinations (Tab. VII) show that yields ranged from 823 to 5051 kg ha −1 , with an average of 3103. Further, average yields for genotypes sown in autumn were higher than those of the same genotypes sown late in winter. However, a highly significant interaction was found between varieties/sowing periods and environment (Tab. VIII), and this resulted in a 12 × 6 matrix (Tab. IX) where the positive values indicate that a combination of variety/sowing date performed better in a particular environment, compared to the average. Apart from this simple consideration, such a matrix cannot be easily either plotted or interpreted, if its dimensionality is not reduced by Principal Component Analysis (PCA). In this case, it is possible to extract the main principal components (PC) for both columns and rows, which retain a main part of the variability in the original interaction matrix. The PC scores for the first Principal Component (PC1) both for the environments (last row) and for the varieties/sowing periods combinations (last column) are presented in Table IX . We remind that sowing dates were not considered as "environments" to have the possibility of exploring graphically the contrasting behaviour of genotypes according to sowing dates.
The first component of multiplicative interaction in the AMMI model may be calculated by multiplying the score for the genotype/sowing period by the score for the environment: this interaction will be positive if both scores have the same sign, otherwise it will be negative. In this case, the first multiplicative interaction component (calculated from PC1 in Tab. IX) captured 68.4% (21.2÷31.0; see Tab. VIII) of the interaction sum of squares while the second component (calculated from PC2; data not reported) contributed a further 17.7% (5.5÷31.0; see Tab. VIII) of interaction sum of squares; other PCs did not significantly improve the goodness of fit of the AMMI model which in total explained 86.1% of the interaction sum of squares, with a reduced number of degrees of freedom, with respect to the ANOVA (Tab. VIII).
Apart from hypothesis testing, which was not the aim of this paper, what is more important is that all the original yields (6 varietes × 2 sowing periods × 6 environments) could be represented in one bi-plot (Fig. 2) , including the main effects (average yield for each genotype/sowing period and for each environment; Tab. VII) on the x-axis and PC1 scores on the y-axis. The second interaction component, even though significant, was disregarded here, to improve the efficacy of graphical representation; this bi-plot contains 91% of total yield data variability (main effects plus multiplicative interaction) and thus represents a significant summary of yield data.
To read this bi-plot, it is necessary to remember that varieties/sowing periods and environments on the right side of the graph showed yield levels above the field average. Likewise, varieties/sowing periods and environments laying close to the x-axis (PC1 score close to 0) did not interact with each other, while data with positive/negative score on y-axis interacted positively with environments characterised by a score of same sign (see above).
Indeed, one can observe the generally higher yields for the autumn sowing period, compared to the winter sowing period (Fig. 2) . Within autumn sown varieties, Palombino, Vesuvio, Scuro and Chiaro di Torre Lama were on average the highest yielding varieties and excelled in 2002 at both locations (their PC scores lay close to the environment scores). Collameno and Sicania yielded on average lower, but were less influenced by environment (PC scores close to 0).
Considering winter sown varieties, Scuro di Torre Lama, Sicania and Chiaro di Torre Lama were the highest yielding; yield of Sicania was poor in 2004 at both locations (its PC score is far from the environment score) while yield of Chiaro di Torre Lama was poor in 2002 (Fig. 2) . Differences between locations were very slight, although Papiano always showed a slightly higher yield potential than Badiola (it is always more to the right in Fig. 2) .
Concerning the effect of years, 2003/04 was the most favourable for both locations particularly for winter sowing (except Sicania). This was due to normal winter temperatures coupled with good water availability during the reproductive phase, with no drought stress or yield limiting high temperatures. In these conditions faba bean could achieve its yield potential and yield differences between sowing times were rather small.
Conversely, 2002/03 was the least favourable year at both locations. January and February temperatures were very cold, and temperatures were also subnormal for March (see Tab. I), with frequent heavy frosts. Thus yields were low for all varieties, regardless of sowing time (small interaction; see PC1 scores close to 0 in Fig. 2) .
The 2001/02 season showed intermediate results; in this year winter temperatures were normal and yield was influenced by low rainfall in March and June 2002. This low water condition had a negative effect on winter sown varieties exposed to drought during the critical phases of flowering Table VII . Yield for six varieties of faba bean in two sowing periods, as observed in six environments (2 locations × 3 years; the year refers to the harvest). and pod filling. In contrast, the drought had negligible effects on the autumn sown varieties. This confirms that good growth during winter, followed by early flowering, early pod set and rapid seed filling are key mechanisms to escape terminal drought and high temperature stress. These results support the findings of Loss et al. (1997a) and Siddique et al. (1998) who have stated that vigorous early growth is crucial for adaptation of grain legumes in Mediterranean-type environments. Indeed, the threshold temperature for growth of faba bean is considered to be 0 • C, so that this crop can increase biomass during winter periods (Siddique et al., 1993; Leport et al., 1998) , achieving adequate grain yield in case drought conditions are found in the terminal part of crop cycle.
In conclusion, yield data from this study confirm that autumn sowing is the best choice for a improved yield potential of faba bean in Southern European regions characterised by cool winter and dry summer. However, some yield variability across seasons and locations may be expected during an exceptionally cold winter or early spring. This problem may be partly solved through accurate choice of varieties as some genotypes seemed to be particularly suitable for autumn sowing, such as Palombino and Scuro di Torre Lama.
In case autumn sowing is not feasible, good growth and yield might be possible with winter sowing if the season is characterised by regular spring rains. A good variety choice is also important; a variety such as Scuro di Torre Lama showed well with winter sowing. It is also interesting to note that Scuro di Torre Lama gave good yields in both sowing periods and was also one of the varieties with morphological traits relatively unaffected by sowing dates. This may help identify a genotype of faba bean, that is best suitable for Southern European regions.
CONCLUSION
Our results show the usefulness of multivariate methods such as canonical variate analysis and AMMI analysis to summarize large datasets on a single plot that provides useful information about the experimental results. The understanding that one gains from a bi-plot is more time consuming to obtain due to having to consider all the original variables one at a time, as would be done with traditional univariate methods. Both canonical variates and AMMI have great utility in agroecological studies, as they help interpret the response of the crops to agro-environmental factors. The information gained justifies its greater use in agronomic studies. It should not be forgotten, however, that in summarising results, multivariate methods hide a certain amount of information which may lead to data misinterpretation. Therefore, after performing Exploratory Data Analysis, it is always necessary to carefully inspect the data in their original scales and perform robust hypothesis testing. Indeed, multivariate methods should not be regarded as a replacement for traditional statistical methods, but instead as a useful complement for data inspection and summarization of results.
